INTRODUCTION
Nutrition at various life stages has been associated with risk of chronic diseases later in life (World Health Organisation, 2003 ) , therefore it is important for healthy eating patterns to be established in childhood since these are likely to track through adolescence into adulthood (Kelder, Perry, Klepp, & Lytle, 1994) . Schools are a logical place to promote healthy eating habits such as the 5-A-Day fruit and vegetables (FV) recommended by the World Health Organisation (World Health Organisation, 2003) . A recent systematic review of 27 schoolbased FV interventions stated that these interventions have moderate but significant effects on fruit intake, however, overall school based programmes show a lack of an effect on vegetable intake (Evans, Christian, Cleghorn, Greenwood, & Cade, 2012) .
Involvement of children in gardening is one type of intervention that has the potential to increase FV intake. Gardening can increase children's exposure to FV and to positive modelling of peers and adults. Repeated exposure to FV can have a positive impact on liking and intake (Anzman-Frasca, Savage, Marini, Fisher, & Birch, 2012; Cooke, 2007) . Gardening can provide opportunities for FV tasting and for learning in an interactive manner how fruit and vegetables are grown and their benefits to health (Ozer, 2007) . However, there is limited high quality research evaluating the impact of gardening on children's FV intake, and it has provided mixed results. School or community gardening schemes have been associated with an increase in vegetable intake (Hermann et al., 2006; Ratcliffe, Merrigan, Rogers, & Goldberg, 2011; Wang et al., 2010) or FV intake in US children (Lautenschlager & Smith, 2007; McAleese, Rankin, McAleese, & Rankin, 2007) , but not in all US projects or in primary school children in Australia (Davis, Ventura, Cook, Gyllenhammer, & Gatto, 2011; Gibbs et al., 2013; Lineberger & Zajicek, 2000; Morgan et al., 2010) .
The design of many gardening interventions has been influenced by Social Cognitive Theory (SCT) (Morgan et al., 2010; Morris, Koumjian, Briggs, & Zidenberg-Cherr, 2002; Morris, Neustadter, & Zidenberg-Cherr, 2001; O'Brien & Shoemaker, 2006; Poston, Shoemaker, & Dzewaltowski, 2005; Ratcliffe et al., 2011) , which incorporates the interaction of personal, environmental and behavioural factors (Bandura, 1986) and is the most common theory used to successfully change behaviour in children (Lytle & Achterberg, 1995) . Personal factors such as nutrition knowledge, food preferences (including willingness to taste), attitudes towards food, self-efficacy in eating and preparing food have already been associated with increased FV consumption in children and adolescents in non-gardening research (Rasmussen et al., 2006) . These factors have been evaluated in a number of gardening research projects, and US studies published to 2007 have been reviewed showing promising but some mixed results (Robinson-O'Brien, Story, & Heim, 2009 ). Compared to comparison groups, gardening interventions have been associated with an increase in children's nutrition knowledge in the majority of the studies which assessed this (Cason, 1999; Koch, Waliczek, & Zajicek, 2006; Morgan et al., 2010; Parmer, SalisburyGlennon, Shannon, & Struempler, 2009; Ratcliffe et al., 2011; Somerset & Markwell, 2008) , though not all (O'Brien & Shoemaker, 2006; Poston et al., 2005) . In some of the studies, identification of individual vegetables (Morgan et al., 2010; Parmer et al., 2009; Ratcliffe et al., 2011; Somerset & Markwell, 2008) , or knowledge of food groups were tested Parmer et al., 2009) ,however in other studies general knowledge relating to food or nutrition was assessed (Koch et al., 2006; O'Brien & Shoemaker, 2006; Poston et al., 2005) .
School gardening led by external specialists such as the Royal Horticultural Society (RHS) in the UK could have more impact than teacher-led gardening on children's knowledge of, and attitudes towards FV. No research has compared the impact on children of gardening led by specialist gardeners with teacher-led gardening. Overall RHS staff, who are trained in horticulture, have greater access to resources and experience in improving and teaching gardening in schools than teachers who volunteer to teach gardening. The RHS staff have a set number of lessons and objectives to improve and promote involvement in gardening and to develop the garden during the academic year, whereas the teacher-led gardening objectives are determined by the school. Identifying the differences in these two types of programmes, if they have different outcomes, could help tailor delivery of cost-effective gardening in schools to improve children's knowledge and attitudes towards FV, which in turn may positively impact FV intake.
The aim of the current study was to evaluate whether on-going gardening advice and gardening involvement from the Royal Horticultural Society (RHS) gardening specialists was associated with better fruit and vegetable outcomes in children than those at teacher-led schools who obtained standard advice from the RHS 'Campaign for School Gardening'.Royal Horticultural Society (2010). In the primary outcome analysis the RHS-led intervention was not associated with an increase in FV intake compared to the teacher-led intervention (Christian, Evans, Nykjaer, Hancock, & Cade, 2014a) . For this current analysis of secondary outcomes we hypothesized that children who took part in the RHS-led gardening intervention, nevertheless, would show greater knowledge and positive attitudes towards FV than those in the teacher-led gardening intervention. This was evaluated using a child questionnaire which included questions on personal and environmental factors, such as attitude, self-efficacy, perceived barriers and encouragement at home, as well as knowledge of fruit and vegetables, which could potentially mediate increased FV consumption. This cluster randomised control trial is the first UK trial to evaluate school gardening schemes and consists of a large sample of year 3 and 4 pupils aged 7 to 10 years from London primary schools (Christian, Evans, Conner, Ransley, & Cade, 2012; Christian et al., 2014a; Royal Horticultural Society, 2010) .
METHOD

Study population
Children aged 7 to 10 years attending years 3 or 4 at 23 primary schools during the academic year from 2010 to 2011 from the following London boroughs: Wandsworth, Tower Hamlets, Greenwich and Sutton were allocated to a clustered randomised controlled trial to evaluate the impact of a school gardening programme (project number PHR Project 09/3001/19).
Cluster randomisation at school level was undertaken. In total 1256 children were allocated to the trial to compare a teacher-led gardening intervention (727 children from 13 schools) with a RHS-led gardening intervention (529 children from 10 schools). In the teacher-led intervention one school withdrew and all data were lost in transit for another school ( figure 1 shows the CONSORT flowchart for this current analysis of secondary outcomes). Further details of the trial and primary outcome analysis are described elsewhere Christian et al., 2014a) . Ethical approval was obtained through the Leeds Institute of Health Sciences and Leeds Institute of Genetics, Health and Therapeutic joint ethics committee (reference 09/012).
Interventions
RHS-led intervention
The RHS-led intervention schools received on-going advice and support from the RHS to develop a successful garden and help overcome barriers to developing this, for example staff time and school resources. The sustainability of the gardens was important for the success of the intervention and required a long-term commitment (Ozer, 2007) .The regional advisors had expertise and experience to link gardening and growing activities to the National Curriculum and to run staff training sessions for teachers. They worked directly with teachers and pupils. It comprised of the following: 
Measurement
The secondary outcomes for the trial were measured using a child questionnaire developed for the study (Christian, Evans, Nykjaer, Hancock, & Cade, 2014b) . To help with any difficult words the questionnaire was read out to the children as a class by trained university students, and the children completed the questionnaire individually. For each section of the child questionnaire, only children who completed the appropriate section at both the baseline in April 2010 and at follow-up after two growing seasons, 18 months later, were included in that section of the analyses.
Measurement of FV knowledge
Children's knowledge of FV was tested by their ability to recognise FV in photographs; the majority of these fruit and all of vegetables could be grown in the UK, and all could readily be purchased in the UK. The children were asked to draw a line from the name of 12 different fruits and 16 different vegetables to connect them to a colour photo of each item. Apple was provided as an example. All the fruits were listed and pictured on one page: e.g. raspberries;
blackberries; pears; blueberries; plums; and bananas. The vegetables were listed on another page: e.g. courgettes; spinach; French beans; and lettuces. For each item, correct responses were coded '1' and incorrect responses coded '0'. To assess children's knowledge of the 5-ADay FV campaign, they were asked to circle on the child questionnaire a number between 1 and 8 in answer to the question "How many servings of fruit and vegetables do you think you should eat every day to stay healthy?"
Measurement of FV attitudes
There were 10 statements relating to children's attitudes and other potential mediating factors on FV intake, most of which were similar to questions previously tested for reliability by Somerset and Markwell (Somerset & Markwell, 2008) , adapted from De Bourdeaudhuij et al (De Bourdeaudhuij et al., 2005 ). In the current study children were asked to circle whether they agreed a lot, agreed a little, disagreed a little or disagreed a lot with the statements (the headings were also represented by smiling or sad faces). The questionnaire was read out to the class, to help them with difficult words, but the children completed them individually.
The statement 'I'm good at preparing fruit and vegetables' was used to assess children's selfefficacy i.e. their confidence in their ability to handle FV. 'There's usually lots of fruit and vegetables to eat at home' assessed perceived physical environment, specifically availability of FV. 'My family encourages me to eat fruit and vegetables' was used to assess children's perceived active encouragement in their social environment. 'I like trying new fruit' and 'I like trying new vegetables' related to perceived barriers to eating FV, and was also classed as an attitude statement piloted and checked for understanding by Australian children in the Tooty Fruit Vegie project (Newell et al., 2004) .
Measurement of FV intake
Actual FV intake was assessed using a School and a Home Diary comprising of 115 separate food and drink types divided into 16 food and drink categories. To complete the diaries, participants ticked each item consumed, under the appropriate meal time heading within the 24-hour period. The School Food Diary was completed by a fieldworker at school for all school time meals, while the children were given the Home Food Diary to take home for their parents to complete. The diaries were the Child and Diet Evaluation Tool (CADET) which has been validated in 8-11 year olds with an emphasis on fruit and vegetable intake (Christian et al., 2014b) . Power calculations for the trial based on FV intake, the primary outcome, were previously described, along with additional information Christian et al., 2014a) .
Statistical analysis
Differences between intervention groups for descriptive variables were analysed using chi squared tests for categorical variables and t-test for continuous variables. Multilevel mixed effects logistic regression models were used to determine whether there were significant differences between groups at follow up, in terms of attitude statements (agree a little or a lot vs disagree a little or a lot) and in relation to knowledge of 5-A-Day. Agreement between intervention groups was calculated for attitudes. Odds ratios were presented unadjusted and also adjusted for baseline responses. Additional analysis was adjusted for gender, ethnicity and index of multiple deprivation score (IMDS), where level of missing data was <1%, 6%
and 6% respectively. The IMDS of the school was used if the child's postcode, and therefore individual IMDS score, was not available. All small areas in England can be ranked according to their IMDS, a relative level of overall deprivation based on deprivation scores for income, employment, health, education, crime, access to services and living environment.
The change from baseline to follow-up for the total number of fruits recognised, the total number of vegetables recognised and the number and types of FV children listed as owngrown were calculated for each qualifying child and compared between interventions for both trials using independent samples t-tests. Multilevel mixed effects logistic regression models were also used to compare the results in different intervention groups; p values were adjusted for gender, ethnicity & IMDS were also tabulated.
Multilevel mixed effects regression analysis was also used to determine whether there was an association between the change in knowledge of FV and change in actual intake derived from the School and Home Diary. Analyses were presented unadjusted and adjusted for gender, ethnicity and IMDS. Pupils with intake above three standard deviations of the mean were excluded from this analysis.
Statistical analysis was performed using Stata SE version 12 (StataCorp, 2005) . P-values of less than 0.05 were taken to represent statistical significance for all analysis, except relating to the recognition of individual FV where p-values of less than 0.010 were taken as statistically significant due to multiple testing.
RESULTS
Characteristics of children and schools
The child questionnaire was completed by 1115 children at baseline. There were 404 children from 11 schools in the teacher-led group and 373 children from 10 schools in the RHS-led intervention who attempted parts of the questionnaire both at baseline and follow-up. There were significant differences between the RHS-led and teacher-led gardening intervention groups for a number of characteristics at baseline. In the RHS-led intervention the children on average recognised fewer FV at baseline and were less likely to be at a school that had been part of the School Fruit and Vegetable Scheme (SFVS). However, they were more likely to attend a school with a higher deprivation score, or had a higher percentage of children on free school meals, or who spoke English as a second language (Table 1) .
Insert Table 1 Attitudes and perceptions Over 85% of the children at both baseline and follow-up agreed that eating FV every day kept them healthy, that their family encouraged them to eat these and there were usually a lot of FV at home (Table 2 ). Over 90% of the children agreed they enjoyed eating fruit, whereas substantially fewer (65-67%) agreed they enjoyed vegetables, or liked trying new vegetables (58-61%). Children in the RHS-led group at follow up were significantly less likely to agree they tried to eat lots of fruit or liked to try new fruit than those in the teacher-led group, even after baseline adjustments (OR(95%CI)=0.48 (0.28, 0.84) p=0.009 and OR(95%CI)=0.53 (0.28, 0.99) p=0.045 respectively) or further adjustments. In addition, children in the RHSled group were less likely than those in the teacher-led group to agree there were lots of fruit and vegetables to eat at home but this only became statistically significant after adjustment for socio-demographic factors (including deprivation score) (OR (95%CI) =0.47, (0.25, 0.90) p=0.022). There were no significant differences at follow-up relating to vegetables.
Insert Table 2
Children's knowledge of Fruit and Vegetables
There was no significant difference between interventions in children's knowledge that five servings of FV should be eaten every day to stay healthy (table 2) .
The children's ability to recognise fruit was already very good at baseline, as observed in figure 2 . In all the intervention groups each fruit type was recognised by 80% or more of the children who attempted the fruit identification sheet, apart from blueberries and nectarines (70% or more children identified these). Over 90% of the children could identify pears, bananas, grapes, oranges, pineapple, watermelon and kiwifruit. The ability to recognise vegetables was more varied. Sweet-corn, carrots, peppers and tomatoes were recognised by over 90% of children, but spinach, parsley, leeks and spring onions were identified by less than 50% of children in all trial groups. Nevertheless, as observed in figure 2, over 25% of children identified these latter four vegetables correctly for the first time at follow-up after the gardening intervention. However, as shown, a fair proportion (7-14%) of children could not identify these and half of the other items (such as plums and nectarines) at follow-up after previously identifying them correctly at baseline indicating that some children were guessing the right answer. At follow-up there were no differences between RHS-led and teacher-led interventions which were significant at less than p=0.01.
When comparing the change in total fruit recognised from baseline to follow-up there was no significant difference between intervention groups in the unadjusted independent t-test analyses or after adjustment for socio-demographic variables in multilevel analyses (Table 3) .
However the increase in the number of vegetables recognised from baseline to follow-up was significantly smaller for the teacher-led group compared to the RHS-led group (a mean increase of 1.7 vs 2.4 out of a total of 16 vegetables). This was statistically significant in multilevel analyses after adjusting for socio-demographic variables (OR (95%CI)=0.92 (0.09, 1.76), p=0.031). The result for vegetables may be due to the already significant difference in knowledge at baseline; adjustment for baseline answers produced non-significant results (OR (95%CI)=0.31 (-0.29, 0.90), p=0.311, see note (f) to table 3). Similarly, there was a significantly larger increase in the total number of FV recognised from baseline to follow-up for the RHS-led group compared to the teacher-led group (p=0.007 in the t-test), but this was not significant after adjusting for socio-demographic variables in multilevel models (Table 3 ).
Insert Table 3
Also observed in table 3, using multilevel mixed effects regression analysis there was no 
Children's attitudes towards Fruit and Vegetables
Those in the teacher-led group appeared more willing to try to eat lots of fruit or to try new fruits than the RHS-led gardening group, even after adjusting for baseline responses. Children from schools where gardening was led by the teacher may have been exposed to greater levels of activity and modelling of behaviour by the teacher leading to more positive attitudes in this group. Somerset and Markwell (Somerset & Markwell, 2008) who also used questionnaire assessment rather than tasting food, found that the gardening intervention group were less likely to try new fruits than historical controls. It is possible that the additional exposure to gardening in the RHS-led intervention may make the children more certain of their dislikes; as additional gardening exposure may produce greater contemplation of FV (Somerset & Markwell, 2008) .
There was no evidence that children in the RHS-led gardening intervention group were more likely to agree they enjoyed eating or trying new vegetables at follow-up compared to the teacher-led gardening group; though, again this was not confirmed through taste tests.
Questionnaire assessment of preference/willingness to taste a larger list of FV showed gardening interventions have been associated with a preference for vegetables in some studies (Gatto, Ventura, Cook, Gyllenhammer, & Davis, 2012; Lineberger & Zajicek, 2000; Ratcliffe et al., 2011) , but not associated with FV preferences in other studies (Koch et al., 2006; Morris et al., 2001; Poston et al., 2005) . In taste tests, gardening interventions have been associated with an increased willingness to taste a small number of FV in kindergarten or first graders (Cason, 1999; Morris et al., 2001 ) in some studies, but not in older children Ratcliffe et al., 2011) , though gardening was associated with an increased taste rating in older children in other studies (Morgan et al., 2010; Parmer et al., 2009 ).
In the current trial there was no evidence of differences, before or after adjustment for baseline answers, in self-efficacy, specifically in the perceived ability to prepare FV. The children in our study were relatively young (7-10), and most would not be expected to prepare FV alone. Furthermore, the use of a single question per construct, e.g. for self- children (11-12 year old) were less confident in the intervention group than historical controls, but there were no significant differences between intervention groups in younger children (Somerset & Markwell, 2008) .
Other aspects of social cognitive theory, which have not been examined or controlled for in the study, such as modelling by parents or peers, may be more effective in changing children's attitudes and behaviour towards food. For instance peer-modelling, rewards and repeated exposure to FV in a 'Food Dudes' intervention influenced the liking of food, and produced a reduction of food neophobia (Laureati, Bergamaschi, & Pagliarini, 2014) .
Furthermore, factors such as those examined in our study have been found in other studies to have less influence over fruit and vegetable consumption than habit and availability, with fruit being most influenced by availability and vegetables being most influenced by habit (Reinaerts, de Nooijer, Candel, & de Vries, 2007 ).
Children's knowledge of Fruit and Vegetables
The RHS-led gardening group was associated with an increase in the total number of vegetables recognised compared to the teacher-led group, however, this difference was not significant after adjustment for baseline measurement. This may be due to significantly more scope for improvement from baseline in the RHS-led intervention group. Additionally, there were no significant increases in the ability to identify individual vegetables. Furthermore, there was no evidence in either gardening intervention group that on average an increase in the number of fruit, vegetables or total FV recognised was associated with an actual increase in consumption of FV.
Previous US and Australian studies which tested for the identification of individual vegetables found significant increases in the ability to identify them in the gardening interventions compared to non-gardening comparisons, after taking into account pre-test scores (Morgan et al., 2010; Parmer et al., 2009; Ratcliffe et al., 2011) . These studies used real vegetables and tested only a small number (five to six items) as opposed to the photos of 16 vegetables used in the current trials. Furthermore, studies that identified successful change in children's nutrition knowledge combined health, science or nutrition education alongside the gardening component of their intervention studies (Morgan et al., 2010; Parmer et al., 2009; Ratcliffe et al., 2011) , whereas the RHS-led and teacher-led interventions focussed solely on gardening education. Decisions to integrate nutrition, cooking or other FV promoting activities with gardening education were made independently by schools in the current study. This might be one explanation for the lack of significant differences between the interventions, in addition to not using a non-gardening comparison group. Of two previous studies that found a significant change in children's knowledge after implementing a gardening intervention (Koch et al., 2006; Morris et al., 2001 ), one did not include a comparison group (Koch et al., 2006) and was conducted on younger children (grade one) than this current sample (Morris et al., 2001) . Only 320 or fewer children from one or two schools were involved in these trials, compared to the 777 children who took part from 21 schools in the current trial.
The increase in awareness of 5-A-Day in the RHS-led gardening intervention group was no greater than in the teacher-led gardening group, and no significant differences in awareness by these children that eating FV kept them healthy. Other gardening intervention studies did not report awareness of 5-A-Day separately, although this question was included in the 'Health and Nutrition from the garden' questionnaire developed for children by Genzer et al. (Genzer, Seagraves, Whittlesey, Robinson, & Koch, 2001 ) which was used in some of the existing studies (Koch et al., 2006; O'Brien & Shoemaker, 2006) . Somerset and Markwell also found no evidence that gardening interventions were associated with children being aware that eating FV kept them healthy compared to controls (Somerset & Markwell, 2008) , perhaps because this was already taught in schools.
The definition of nutrition knowledge or fruit and vegetable knowledge varies between studies with some questions appearing less relevant to mediating FV intake than others, for instance knowing whether a tomato is a fruit or a vegetable (O'Brien & Shoemaker, 2006) .
There is a need for a consistent and meaningful test of nutrition or fruit and vegetable knowledge to be defined in order to aid the evaluation and comparison of interventions which aim to increase FV liking and intake.
It is likely that improvement in knowledge and attitudes do not immediately result in behaviour change, particularly for children where food intake is mediated through the family.
The length of our intervention follow up of 18 months may not be sufficient to see follow through from attitudes to behaviour change, however cluster RCTs with longer follow up suffer from a high drop-out rate as a considerable number of children change school at the end of the year leading to biased results. In the primary outcome analysis the RHS-led intervention was not associated with an increase in FV intake compared to the teacher-led intervention (Christian et al., 2014a) . Many interventions do not appear to have lasting impact and improvement in behaviour only lasts as long as the intervention itself .
Limitations and strengths
The current trial involves a large number of participants to evaluate school gardening;
building on previous studies with small sample sizes which had limited power to detect moderate differences between groups (Koch et al., 2006; Lautenschlager & Smith, 2007; Morris et al., 2001; Poston et al., 2005) . Other strengths of this study compared to previous studies, include the randomisation of schools to the different intervention groups, which reduced selection bias, and the use of schools as a random effect variable in multilevel models to take into consideration the hierarchical structure of the data, caused by randomising by school rather than by individual. Self-selection of schools for interventions occurred in some previous studies which is likely to create bias (Morgan et al., 2010; Parmer et al., 2009) . Most studies had follow-up periods which were less than a year, some being 16 weeks or less (Morgan et al., 2010; O'Brien & Shoemaker, 2006) , whereas the follow-up period in this trial included two growing seasons and was 18 months from baseline to follow up. Randomised control trials are considered to be the strongest study design to assess causality. The random allocation of schools to interventions in our trial aimed to achieve similar baseline demographic factors, and similar recognition of and attitudes towards fruit and vegetables between intervention groups at baseline. There was some evidence of imbalances in these between the intervention groups, meaning there was a possibility of some residual confounding. However we made adjustments for baseline responses unlike previous research (O 'Brien & Shoemaker, 2006; Somerset & Markwell, 2008) .
A limitation of measuring children's knowledge is that naturally, children do guess if they don't know the right answer. The current questionnaire did not provide a "don't know" option which might have reduced the percentage of children guessing, and improved the questionnaire's ability to accurately measure knowledge, and therefore its reliability. There are very few validated tools if any, with high validity and reliability to explore nutrition knowledge in children. One reason why significant differences in changes in knowledge and attitudes between intervention groups may not have been found may be due to a ceiling effect; at baseline high percentages of children agreed with statements or recognised the fruit and vegetables giving little scope for change at follow-up. An important limitation was the lack of a non-gardening comparison group in this trial; therefore this trial cannot provide evidence of whether or not either gardening intervention in the RHS 'Campaign for School Gardening'(Royal Horticultural Society, 2010) has a greater impact on the outcomes than schools which do not garden. This was due to the RHS ethos requiring them to provide a gardening programme of some kind to all schools which were interested; nevertheless a second trial in this project compared a teacher-led group to a non-gardening group who benefitted from teacher-led (RHS trained) gardening activities after the trail . Whilst there were no overall significant differences in the primary outcome (FV intake) for the trial reported here, additional results which incorporated a process measure evaluation of the level of gardening intensity, indicated that substantial increases in the level of intensity of school gardening had a positive impact on FV intake (Christian et al., 2014a) .
A large number of children from schools with pupils who spoke English as a second language could have resulted in many children struggling with the English names for fruit and vegetables. Another limitation is the high dropout rate (~30%) between baseline and followup due to a large number of children in London changing schools at the end of the academic year. Children without follow up data were more likely to be from schools that had higher percentages of pupils with English as a second language or were eligible for free school meals, compared with children who completed questionnaires at both time points which could have introduced bias.
Conclusion
Our results from evaluating the RHS 'Campaign for School Gardening' (Royal Horticultural Society, 2010) , indicate that gardening programmes led by independent organisations in schools do not produce a consistent increase in children's knowledge and attitudes towards fruit and vegetables over a teacher-led intervention. Indeed, gardening activities led by teachers who were trained by RHS specialist were potentially more effective at influencing attitudes that RHS-led.
It is unlikely that a school gardening programme, on its own, is sufficient to change 
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